Objective: It is considered that laparoscopic single-site surgery should be performed by specially trained surgeons because of the technical difficulty in using special instruments through limited access. We investigated suitable patients for single-port laparoscopic radical nephrectomy, focusing on the anatomy and distribution of the renal artery and vein. Methods: This retrospective study was conducted in 52 consecutive patients who underwent single-port radical nephrectomy by the transperitoneal approach. In patients undergoing right nephrectomy, a 2-mm port was added for liver retraction. We retrospectively re-evaluated all of the recorded surgical videos and preoperative computed tomography images. The pneumoperitoneum time (PT) was used as an objective index of surgical difficulty. Results: The PT was significantly shorter for right nephrectomy than left nephrectomy (94 vs. 123 min, P = 0.004). With left nephrectomy, dissection of the spleno-renal ligament to mobilize the spleen medially required additional time. Also, the left renal vein could only be divided after securing the adrenal, gonadal and lumbar veins. In patients whose renal artery was located cranial to the renal vein, PT tended to be longer than in the other patients (131 vs. 108 min, P = 0.070). In patients with a superior renal artery, the inferior renal vein invariably covered the artery and made it difficult to ligate the renal artery via the umbilical approach at the first procedure. Conclusions: These findings indicate that patients undergoing right nephrectomy in whom the renal artery is not located cranial to the renal vein are suitable for single-port laparoscopic radical nephrectomy.
Introduction
Since the first laparoscopic nephrectomy was performed by Clayman et al. in 1991 (1) , it has become the gold standard for surgical resection of renal cell carcinoma (RCC). However, it requires three or four ports, and pain, infections, port-site hernia, and unsightly scars can occur at each site. In particular, young female patients are concerned about the cosmetic outcome of surgery. Recently, the development of technical expertise by some groups (2) (3) (4) and advances in instrumentation have enabled adoption of the single-port approach, which has attracted attention as a less invasive mode of surgery. Laparo-endoscopic single-site surgery (LESS) is generally performed with a multi-channel port, which allows two to three laparoscopic instruments and an optic to be introduced into the abdominal cavity through a single skin incision. Raman and colleagues first reported radical nephrectomy with LESS (LESS-RN) in 2007 (2) . The benefits of this technique include less postoperative pain, faster recovery time and better cosmetic results (5, 6) . However, it is considered that LESS should be performed by specially trained surgeons because of the technical difficulty in using special instruments through limited access.
In this study, we tried to identify factors influencing the operating time for LESS-RN by focusing on the anatomy and distribution of the renal artery and renal vein. We believe that our results will be useful for decision-making about the surgical approach to RCC, and may help to promote the wider adoption of LESS-RN.
Methods
This retrospective study was conducted in 52 consecutive patients in whom LESS-RN was performed by two urologists between 2009 and 2014. These urologists were experienced laparoscopic surgeons who had continuously performed at least 50 laparoscopic procedures annually (including adrenalectomy, radical nephrectomy, partial nephrectomy and radical prostatectomy). After receiving institutional review board approval, we retrospectively re-evaluated all of the recorded surgical videos and preoperative computed tomography images. According to the anatomical location of the renal artery and vein, we classified the patients into the three groups shown in Fig. 1 : (a) renal artery cranial to the renal vein, (b) renal artery and renal vein at the same level and (c) renal artery inferior to the renal vein. In seven patients with double renal arteries and one patient with double renal veins, we used the larger vessel for classification of the anatomical location. Estimated blood loss, complications and patient characteristics (age, body mass index, tumor side and comorbidities) were determined from the medical records. Tumors were staged pathologically according to the TNM classification. Surgical complications were graded according to the modified Clavien system (7) .
The indications for LESS-RN were similar to conventional laparoscopic radical nephrectomy, with renal tumors up to stage T2 being considered for the procedure in the absence of nodal and systemic metastases. Under general anesthesia, a urethral catheter and a nasogastric tube were inserted. The patient was firmly secured to the operating table in the 90°full flank position. The surgeon and the assistant stood on the contralateral side of the target kidney. All operations were performed by the transperitoneal approach via a single multi-channel access port (SILS™ Port, Covidien, Mansfield, MA, USA) that was placed at or near the umbilicus by the open technique with a 2.5 cm skin incision. An intraperitoneal pressure of 12 mmHg was maintained by insufflation of carbon dioxide. For right nephrectomy, we also inserted a 2-mm MiniPort (Covidien) and used a Securea sponge (Hogy, Tokyo, Japan) for liver retraction. We used a 5-mm flexible laparoscope (Olympus Surgical, Tokyo, Japan), curved laparoscopic instruments (SILS™ Hook and SILS™ Clinch, Covidien) that facilitated crossover techniques, and straight energy devices (Enseal™, Ethicon Endo-Surgery, Blue Ash, Ohio, or LigaSure™, Covidien). The renal artery, renal vein and ureter were divided in that order after applying polymer Hem-olok™ clips (Teleflex, Research Triangle Park, NC, USA). For division of the renal artery or vein, at least two Hem-o-lok TM clips
were placed medially near the aorta or vena cava and another clip was placed near the kidney. Then the intact resected kidney was extracted in an EndoCatch-II™ bag (Covidien) by appropriately extending the port site incision. We used the pneumoperitoneum time (PT) as an objective index of surgical difficulty, and divided the operative procedure into four steps as follows.
Step 1 consisted of observation of the peritoneal cavity, intraperitoneal adhesiotomy, and retraction of the liver for right nephrectomy.
Step 2 included mobilization of the bowel away from Gerota's fascia, incision of spleno-renal ligament (left nephrectomy only), and dissection of the perinephric fat below the lower pole of the kidney after lifting the ureter. In Step 3, the potential space between the kidney and the psoas muscle was expanded up to the renal hilum, and accessory vessels were dissected if necessary. Renal hilum was dessected. In Step 4, the resected specimen was freed, the ureter was divided, hemostasis was achieved, and the kidney was removed. A drain tube was usually not placed.
Results are presented as the mean ± standard deviation. Differences of continuous variables between two groups were analyzed with the Mann-Whitney test, while differences among three groups were assessed with the Kruskal-Wallis test. To categorize continuous variables, we used the cut-off point that produced the smallest probability (P) value after testing all possible cut-off points (8) . All cut-off points were rounded up or down to clinically relevant values. Fisher's exact test was used to determine significant differences among categorical variables with non-random associations. A two-tailed P value <0.05 was regarded as indicating statistical 
Results
The mean age of the patients was 57 (range: 29-81) years, while the body mass index ranged from 18 to 31 (mean: 23) kg/m 2 . The average tumor size was 4 (range: 1-8) cm, and the tumor was located on the left side in 34 (65%) patients. According to the preoperative computed tomography findings, the renal artery was located cranial to the renal vein in 11 patients (21%), while it was at the same level in 28 patients (54%) and the renal vein was cranial in 13 patients (25%). Perioperative complications included Grade II pneumonia (one patient), Grade II wound infection (one patient), and Grade III wound infection (one patient). Additional trocars were required in five patients (10%), including one additional trocar in two patients and two additional trocars in three patients. The mean estimated blood loss was 26 (uncountable-450) ml, and none of the patients required blood transfusion during or after the operation. Histopathological examination of the resected specimen gave a diagnosis of pT1a in 33 patients (63%), pT1b in12 patients (23%), pT2 in two patients (4%), and pT3a in five patients (10%). The pT3a case was incidental. None of the patients had positive resection margins. Mean hospital stay after surgery was 6 (range: 4-20) days. At first, we evaluated the learning curve, and found a weak correlation between PT and the number of operations (Fig. 2) . As shown in Table 1 , total PT was significantly longer in the left nephrectomy cases than in the right nephrectomy cases (123 vs. 94 min, P = 0.004). By comparing the steps of the operative procedures, we found that Step 2 (30 vs. 16 min, P < 0.001), and Step 3 (45 vs. 35 min, P = 0.032) required significantly longer for left nephrectomy than right nephrectomy (Table 2 ). In Step 2, incision of the spleno-renal ligament took additional time for left nephrectomy. In Step 3, an average of 3.4 (range: 2-5) blood vessels, including the renal artery and renal vein, required treatment for left nephrectomy compared with 2.9 (range: 2-5) vessels for right nephrectomy (P = 0.031).
Total PT was longer in 11 patients with the renal artery located cranial to the renal vein than in the other 41 patients (131 vs. 108 min, P = 0.070) ( Table 1) . Comparing the operative procedures demonstrated that these differences of PT resulted from Step 3 (52 vs. 39 min, P = 0.031), as shown in Table 2 . In seven (64%) of these 11 patients with a cranial renal artery, it was initially controlled with a solitary Hemo-o-lock clip and the renal vein was cut before the artery. For the other 41 patients with the renal artery not located cranial to the renal vein this method was less observed (15 patients, 37%), although the difference was not statistically significant (P = 0.169).
When 16 patients who had two favorable anatomical factors (i.e. right nephrectomy and the renal artery not cranial to the renal vein) were compared with the remaining 36 patients, their mean PT was 91 ± 36 min and was significantly shorter than that of the others (123 ± 34 min, P = 0.003).
Discussion
Minimally invasive surgery aims to provide effective treatment for surgical diseases inside body cavities while decreasing access-related morbidity, postoperative pain and the hospital stay, resulting in faster recovery with an improved cosmetic outcome and earlier return to work (9) . In a randomized prospective study comparing LESS nephrectomy with conventional laparoscopic nephrectomy, Tugcu et al. found that single-port surgery was superior with regard to hospital stay (P = 0.001) and pain on the first three postoperative days (10) . The cosmetic outcome was also more satisfactory in patients treated by the single-port approach. A randomized comparison of single-port with conventional laparoscopic donor nephrectomy in 50 patients was reported by Kurien et al., who found that singleport surgery was superior with respect to the pain score (P < 0.001) and hospital stay (P = 0.003) (11) . However, it is considered that LESS should only be performed by surgeons who are experienced in laparoscopy because of its technical difficulty. The most challenging features of LESS are attributable to intraoperative ergonomics, since LESS does not allow instrument triangulation, limits the range of movement, and is associated with instrument interference both inside and outside the operating field (12, 13) . Therefore, it is necessary to select appropriate patients in order to make a safe stepwise transition from standard laparoscopy to LESS.
To the best of our knowledge, this is the first study focusing on anatomical factors that might have an impact on the difficulty of LESS-RN. We demonstrated that right nephrectomy in patients whose renal artery is not located cranial to the renal vein is a suitable procedure for LESS-RN. Our results may allow surgeons who are currently performing laparoscopic radical nephrectomy to consider switching to LESS-RN.
We found that PT was significantly shorter with right nephrectomy than left nephrectomy. On the left side, incision of the splenorenal ligament is necessary to mobilize the spleen and pancreas medially. A pair of curved forceps held in the right hand (left side on the monitor) is used to expose the tissue and a curved monopolar hook or straight energy device held in the left hand (right side on the monitor) is used for dissection. By reviewing the operative records, we found that this procedure took considerable additional time compared with right nephrectomy. Careful dissection is required in this step, to prevent injury to the spleen or diaphragm. Furthermore, dividing the left renal vein requires prior securing of the adrenal, gonadal and lumbar veins, since these veins which drain directly into the renal vein.
When the renal artery was located cranial to the renal vein, we found that PT was longer than when the two vessels were at the same level or in the opposite position. In patients with a cranial renal artery, the inferior renal vein invariably covered the artery and was an obstacle to arterial ligation via the umbilical approach. In these difficult cases, dividing the renal vein after initially occluding the artery with a solitary Hemo-o-lok clip provided access to allow division of the renal artery.
Regarding perioperative adverse events, we found no clear correlation with anatomical factors. Additional trocars were required in five (10%) patients, among whom three underwent left nephrectomy and two had a superior renal artery. Complications of Clavien grade >2 occurred in three (6%) patients. All of them received left nephrectomy and one had a superior renal artery. Overall, the complication rate of LESS-RN was low and it was found to be a safe procedure for successfully removing tumors of various sizes with clear margins.
This study had several limitations that should be noted. First, it was performed in a retrospective fashion and included a limited number of patients. It is well known that obesity has a significant influence on the outcome of laparoscopic surgery, but we could not find a statistical relation due to the small sample size. In addition, we used the PT as an objective index for analysis of surgical difficulty, but this could be debated. Lack of a control group undergoing conventional laparoscopic radical nephrectomy further decreased the level of the evidence that we obtained. Thus, the data are insufficient for making definitive conclusions and a prospective investigation of LESS-RN is required.
Conclusions
The findings of the present study suggested that right RCC with the renal artery not located cranial to the renal vein is a suitable indication for LESS-RN, and might be the best target for introduction of this approach. Step 1: Observation of the peritoneal cavity, intraperitoneal adhesiotomy, and retraction of the liver for right nephrectomy.
Step 2: Intestinal mobilization, incision of the spleno-renal ligament (left nephrectomy only), and dissection of the perinephric fat.
Step 3: Expanding the space between the kidney and the psoas muscle up to the renal hilum, and hilar dissection.
Step 4: Freeing the resected kidney, ureteric division, hemostasis, and removal of the specimen.
